described the inter-relationships between disaccharidases and transport systems in experimental models, and McMichael (1 975) has reviewed the human physiology and pathology. We will concentrate on the specific disaccharidase-deficiency forms observed in adult humans, and compare these with the other forms of disaccharidase deficiency. The adult forms of specific disaccharidase deficiency that we will discuss are the well-known adult lactase deficiency and the recently discovered other forms of specific disaccharidase deficiency occurring in adult Greenland Eskimos. These adult forms will be compared with congenital disaccharidase deficiency and secondary general disaccharidase deficiency.
Congenital disaccharidase deficiency exists in different forms, and belongs to the group of diseases known as inborn errors of metabolism, i.e. an inherited genetic defect (originally caused by mutation) results in an abnormal structure of a single enzyme. This implies that the corresponding enzymic activity is missing. The recessive inheritance of congenital disaccharidase deficiency has been demonstrated (Kerry & Townley, 1965) . That sucrase and isomaltase deficiency always occur simultaneously indicates a genetic coupling between these two enzymes which also means that they occur together in a complex in the mucosa. The two existing forms of congenital lactose intolerance can be explained by the fact that one of them, 'the severe familial lactose intolerance ' (Holzel et al., 1963 , is caused by increased mucosal permeability rather than by disaccharidase deficiency (Berg et al., 1969) .
Secondary general disaccharidase deficiency is not congenital but acquired. It occurs when diseases of other origin cause extensive damage to the small-intestinal mucosa, with 'mucosal atrophy' and decreased enzyme activity as consequences. Therefore all the disaccharidases are low in activity, but the enzyme deficiency is not complete, and it is reversible.
When specific lactase deficiency in adults was discovered, it soon became clear that this form could not be classified in either one of the two above groups. Lactase deficiency in adults is acquired rather than congenital, since subjects with this disease usually reported no feeding problems during infancy. However, it differed from secondary disaccharidase deficiency by being specific (a single enzyme being affected) and irreversible.
Adult lactase deficiency is without doubt the most common of all the enzyme deficiencies [for a review see, e.g., Cook (1973)l. This clearly rules out the possibility that adults with lactase deficiency are grown-up patients with the congenital form of lactase deficiency. The congenital form is very rare, and is not likely to be overlooked since it gives pronounced clinical symptoms during infancy.
In many populations all (or nearly all) the adults are lactase-deficient. Under these conditions it seems improbable that adult lactase deficiency is a disease; it seems more likely to be another variant of humans.
Animal studies have shown that all mammals (except for the sea-lion) have lactose as the milk sugar, and the intestine of their newborn animals contains lactase. When the young grow up, the intestinal lactase activity disappears, and the adult animals thus are lactase-deficient. Studies of human populations that are lactase-deficient as adults have shown similar properties. The infant has high lactase activity in the intestine, but later in childhood this activity disappears. The age at which this occurs varies between different populations. In some the lactase disappears between 1 and 6 years of age (Cook, 1967; Keusch et at., 1969) , in others between 6 and 10, and in others between 10 and 16 (Sahi et al., 1972) .
This seems to bea logical development. The lactase is present during that period of life at which it is needed, but then it disappears. It would appear therefore that as long as there is lactose in the food the lactase activity remains high, but as soon as the substrate disappears, the enzyme also disappears. This, however, is not the case. It has been clearly shown at least in humans that the intestinal lactase activity is not regulated by dietary lactose (Rosensweig, 1971) . Some of the patients studied with adult lactase deficiency had been drinking large quantities of milk all of their lives (unaware of the fact that milk was the cause of their gastrointestinal symptoms). Further, a number of grown-up patients with hereditary galactosaemia, who had been receiving completely galactoseand lactose-free diets since soon after birth, were found to absorb lactose as well as the other lactase-persistent members of their population (Kogut et al., 1967) .
Adult lactase deficiency thus seems to be endogenous, and in fact it has been shown to be inherited in a recessive way (Sahi, 1974) . This study was performed in Finland where 16 % of the adult population has lactase deficiency; this is a suitable incidence for measuring the mode of transmittance.
Since there are more people in the world with adult lactase deficiency than without, it may be more logical to speak of the opposite, Iactase persistence (retaining of intestinal lactase activity throughout adult life), as the specific condition which is occurring in some subjects. Lactase persistence is inherited in a dominant way,
The present concept is that man, like all other mammals, originally lost the intestinal lactase on growing up, so that all adult humans were lactase-deficient. Lactase persistence then appeared as a mutation, and in some populations this mutant had a biological advantage and therefore came to be dominant in the population (Simoons, 1970; McCracken, 1971) . Judged by the distribution of lactase persistence today this occurred in two places, namely Northern Europe and in North-Eastern Africa.
According to the above hypothesis congenital lactase deficiency and adult lactase deficiency may also differ from each other enzymologically, in spite of the fact that both conditions imply a specific decrease in intestinal lactase activity. In congenital lactase deficiency there is a mutation in the gene that controls the structure of the lactase, so that an abnormal lactase is formed. This abnormal lactase may either have no measurable lactase activity at all, or, if it has a little, it may be kinetically different from the normal lactase activity. Adult lactase deficiency, in contrast, is characterized by a regulatory decrease in lactase production. It is probable that there is a small residual lactase production, and that this small amount of enzyme will have the same enzymological properties as the ordinary brush-border lactase.
To study the possibility of the existence of residual lactase activity in subjects with lactase deficiency one has to take into account not only the brush-border lactase, which is the digestion enzyme, but also two other 8-galactosidases present in the intestine, namely acid 8-galactosidase and hetero 8-galactosidase (Table 1) . By using specifically designed assay methods (based on appropriately selected substrates, inhibitors and other incubation conditions) the activity of each one of these three enzymes can be measured (Asp & Dahlqvist, 1972) .
In both kinds of lactase deficiency the acid 8-galactosidase and hetero 8-galactosidase have the same activity as in lactase-persistent subjects (Asp & Dahlqvist, 1974) . Both forms of lactase deficiency thus only involve the brush-border lactase, not the other two intestinal 8-galactosidases. In adult lactase deficiency there is a residual activity of 2-4 units (pmol/min) of brush-border lactase/g of protein, which is 5-10% of the activity in lactase-persistent subjects (Asp et al. Congenital lactase deficiency * 1.e. below the methods sensitivity limit.
t Not enough material for a repeat assay. (Table 2 ). There is thus a significant difference between adult lactase deficiency and congenital lactase deficiency in this respect, and this difference agrees with the concept that the adult lactase deficiency is due to a regulatory decrease in enzyme production, whereas congenital lactase deficiency is the result of a mutation of the structural gene for 1.975 554th MEETING, LONDON lactase synthesis, resulting in the formation of an abnormal and inactiveenzyme protein.
Lactase persistence is therefore likely to be caused by a mutation in the regulatory gene, thus eliminating the suppression of lactase synthesis in the adult.
We have studied the intestinal enzymes in several populations in addition to the Swedes (who are nearly 100% lactase-persistent) ( Table 2) . One of the especially notable groups is the Greenland Eskimos (Asp et al., 1975) ( Table 3) . Most of the adult Eskimos were lactase-deficient, which was of course to be expected since a lactasepersistent Eskimo would not have any biological advantage over the other members of the population. Two out of 19 Eskimos were lactase-persistent, but both of these may have a Danish immigrant as an ancestor.
In addition we found three adult Eskimos with very low sucrase and isomaltase activity and two with low trehalase activity. Those with low sucrase and isomaltase also had lower total maltase activity, which agrees with the known contribution of sucrase and isomaltase to this activity. As would be expected from our previous knowledge about these enzymes (Dahlqvist, 1962) all of the remaining maltase activity in these three subjects was heat-stable. The heat-stable maltase activity was as high as in samples from other populations, and therefore these three Eskimos have specific sucrase-isomaltase deficiency apparently similar to the very rare congenital sucrase4somaltase deficiency described earlier. It could also be shown that the enzyme deficiency was complete; sucrase activity was not found even with a very sensitive fluorimetric method. There was weak residual isomaltase activity, but this was all heat-stable. The residual isomaltase activity was therefore exerted by the heat-stable maltases (which are already known to have weak isomaltase activity); the heat-sensitive isomaltase was also completely absent.
None of the subjects was completely without trehalase, but in two of them there was less than 3 units of trehalase/g of protein, which means that these subjects are trehalasedeficient from a clinical point of view. A few others had intermediate values for trehalase activity, and may represent heterozygotes for a recessive gene of trehalase deficiency.
There is no reason to believe other than that the Eskimos with sucrase-isomaltase deficiency and trehalase deficiency are grown-up cases of congenital enzyme deficiency. Although the number of Eskimos investigated by us is small, we have found three kinds of mutations involving the intestinal disaccharidases. One of these, the lactasepersistence, may be explained as the result of immigration from another population (Danes). The two others, sucrase-isomaltase deficiency and trehalase deficiency are more difficult to explain. These have been reported in other countries, but only as extremely rare inborn errors of metabolism. It is obvious that because of the food habits of the Eskimos up to recent years, with practically no carbohydrates of any kind available, such enzyme deficiencies have not caused any troubles for those affected, but do they have any biological advantage to make them so relatively frequent, or is a high degree of inbreeding a sufficient explanation for this? 
Kinetic and Immunological Abnormalities of Aldolase B in Hereditary Fructosehtolerance

France
Hereditary fructose intolerance is an inborn error of metabolism first described by Chambers 8c Pratt (1956) and then distinguished by Froesch et at. (1957) from essential fructosuria. The primary enzyme defect was discovered by Hers & Joassin (1961) ; it concerns liver aldolase (aldolase B) (EC 4.1.2.13), the activity of which towards fructose diphosphate is decreased to about 20% of normal. The activity towards the second substrate (fructose 1-phosphate) is decreased to about 3 % of normal. Characteristically, we have found that the aldolase activity ratio fructose diphosphate/fructose 1-phosphate, which is normally constant at between 1.0 and 1.3 in human liver, is raised (and is variable) to between 2.5 and 15 or more, in the 45 biopsies that we have studied. It has already been established that the aldolase activity ratio of aldolase A (muscle-type) is over 50 whereas that of aldolase C (brain-type) is about 7. In human liver, the electrical charges of aldolases A and B are similar but aldolase C i s more negatively charged. Aldolase C is always hybridized with aldolase A; both types are tetramers, and their hybridization produces five isoenzymes which migrate towards the anode during electrophoresis on starch gel at pH7.0 or 8.5.
The three types may be distinguished by immunological methods. We have prepared antisera against each type by injecting pure crystalline preparations of aldolases A, B and C. Two types of antisera were obtained: one was prepared in chickens from rabbit aldolases A, B or C: it displayed good type-specificity but no significant species-specificity so that the anti-(aldolase B) reacted to almost the same extent against aldolase B from human or from rabbit liver. More recently, we have prepared human aldolases that we have injected into rabbits.
We (Schapira et al., 1967 (Schapira et al., ,1972 (Schapira et al., ,1974 were able to explain the elevation of the fructose diphosphate/fructose 1-phosphate activity ratio in livers from humans with hereditary fructose intolerance. It is due to the presence in abnormal amounts of aldolases A and C. Evidence was obtained by starch-gel electrophoresis with the use of specific coloration ; five anodic bands were seen, analogous to the five anodic bands found in brain, and resulting from the hybridization of aldolases A and C. Moreover, when a liver extract from humans with hereditary fructose intolerance was incubated with antiserum anti-(aldolase A) or anti-(aldolase c ) , we found that the supernatant activity towards fructose diphosphate after centrifugation was decreased by about 50% with each type. (Antisera inactivates pure tetramers and hybrids to almost the same extent.) Consequently the activity towards fructose 1-phosphate found in these livers is due partly to aldolase C (the activity of which for this substrate is not negligible); the aldolase activity of aldolase B itself is less than 3 %. On the other hand, we have found an immunological protein; in three cases, the antibody-removal method showed that its amount was about 25% of normal (Nordmann et al., 1968) . By the Ouchterlony method, we constantly found a precipitation line between liver extracts from hereditary
